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NATIONALADVISORYcommm FORAERONAUTICS

RESEARCHMEMORANDUM

EXPERIMENTALINVESTIGATIONOFTHESTATICAERODYNAMICAND

DYNAMICDAMFING-IN-ROLLCHARACTERISTICSOFAN 8-cM

AIRCRAFTROCKETWITHSOLIDANDSLOTTEDFINS

ByRobertS. Chubb

SUMMARY t

Thestaticaerody’nsmicand@namicdamping-in-rollcharacteristics
ofan8-cmaircraftrockethavingcruciformfinsoftrapezoidalplan

‘d formweredetermine-dexperimentallyatvariousMachnumbersranging
from0.6to1.9. Thestabilizingfinsoftherocketareofunusual
designinthattwoholesarecutthrougheachfinpanel;theeffectsofb theseholesor slotswereinvestigatedby testingwithbothsolidand
slottedfins.

Themostdistinctiveeffectdueto theslotsinthestabilizing
finswasnotedinthestaticrolling-momentcharacteristicsofthe
rocketat supersonicspeedsasdeterminedfromtestsata Machnumber
of1.7. Thesolid-finconfigurationexhibitedveryerraticrolling-
momentcharacteristicsas a functionofangleofattack>particularlyat
largeangles,atvariousrollpositionswhereastheslotted-fincon-
figurationexhibitedlittleorno rollingmomentatanyrollposition.
Itwasconcluded>therefore,thattheslotstendto sugqyessanyadverse
rollingtendenciesinducedonthefinsby thelongforebcily.Thestatic
normal-forceandpitching-momentcharacteristicswereunchangedwith
rollpositionforboththesolid-andslotted-finconfigurations;how-
everjthenormal-forceandpitching-momentcoefficientsoftherocket
withslottedfinswerelessthanthoseforthesolid-finconfiguration
by an mount approximatelycommensuratewiththereductioninareadue
totheslots(M= 1.7). Therocketalsoexhibitedstaticallystable
characteristicsat subsonicspeedsas determinedata representativeMach

a nuniberof0.7. Axial-forcecoefficientsoftheslotted-finarrangement
at0°angleofattackwereincreasedabout15percentoverthoseforthe
solid-finarrangementatMachnumbersrangingfrom0.6to0.92and1.2. to1.7.

—

—

——.

-;.---
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Theexperimentaldamping-in-rollcoefficientsofthesolid-fincon-.
.-.

figurationat Ooangleofattack(M
—

= 1.5,1.7, 1.9) werefoundtoagree
quitecloselywiththosepredictedby lineartheoryforthinrect-lar ..
wings.Thedamping-in-rollc.oefficientsoftheslottedfinswere15

-.

to25percentlessthanthosepredictedby lineartheoryforsolidfins..
Theslotted-findamping-in-rollcoefficientswererelativelyconstant
tithangleofattack,whereasthoseofthesolidfinsvariedapproximately
20percentoveran anglerangefrom-1°to5°. .—

INTRODUCTION .-

.-

At therequestoftheBureauofOrdnanceoftheDepartmentofthe
Navy,aR investigationoftheaerodynsnricpropertiesofan8-cmaircraft
rocketwaslundertakenintheAmes6-by 6-footsupersonicwindtunnel.
Therocketconsistsofan ogivalnose,cylindricalbody,“andstabilizing
finsoftrapezoidalplanformandcruciformarrangement.Thestabiliz-
ingfinsareunusualinthattwolargeelongatedholesorslotshave
beencutthrougheachpanelofthefins.Toprovidea basisofcoqsxi-
sonfordeterminingtheeffectsoftheseslots,theinvestigation
includeda solid-finconfigurationqswellas theslotted-finconf&u-
ration.Alsoincludedweretwonoseorheadtypes:(1)a standardhi@-
explosivehead,and(2)a high-ewlosiveantitankhead.

Therocketis spinstabilizedduringtheaccelerationperiodofits
flightby cantingtheexhaustnozzleswithrespecttothelongitudinal
bodyaxis.Afterthepropellantc~ge has-beenexpended,thereisno
longeran a~liedtorqueandtherollingangularvelocityisreducedby
theaerodynamicdampingwitha consequentadverseinfluenceonthe ,_
accuracyoftherocket. ... -.

Theinvestigationwasdividedintotwop=ts: (1)determinationof
thestaticaerodynamiccharacteristics,and(2)determinationofthe
-C _ing-in-rollcharacteristics.
theinvestigationare~resentedherein.

Theresultsofbothpartsof .

moLs

A rollingmomentdue.toasymmetryof
airstreszn,pound-feet

themodeland/ortunnel

Ab cross-sectionalareaofthebodyatthebase,0.0554squarefoot

AR aspectratio,1.635
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b

d

‘P

H

Ix

k

%

M

P

Pa

Po

~

R

s

t

v

lx,

P

9

cN

sp~ in theplaneofthefins,0.659foot

diameterofthebody,0.266foot

rollingmomentduetofrictionperunitrollingangularvelocity,
pound-footsecondsperradian

totalpressure,poundspersquarefoot

massmomentof inertiaaboutthelongitudinalbcdyaxis,
0.01pound-footsecondssquared

~+FQ
Ix

rollingmomentduetoaerodynamicdsmpingperunitrolling
angularvelocity,pound-footsecondsperradian

Machnumber

rollingangularvelocity,radianspersecond

autorotationalrollingangularvelocity,

initialrolUngangularvelocity(pwhen
second

free-streamdynamicpressure,poundsper

radianspersecond

t = O),radiansper

squarefoot

Reynoldsnumberbasedonthebodydiameter

areaoffoursolidfinsincludingtheareaenclosedby the
body,0.5Zlsqusrefoot

time,seconds

free-streamvelocity,feetpersecond

angleofattack,degrees

J=

angleofroll,degrees

normal-forcecoefficient
(
normalforce

q% )

.

.—
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c~ axial-forcecoefficient(
axialforce

q~ )

.

●

cm
.

pitching-momentcoefficientaboutthecenterofgravity --

t
itchingmoment

q- )
..-— .

cl rol}ing-momentc~fficientaboutthelongitudinalbodyaxis

(rollingmomentqb~ )

13cmc%~
Cz
P

damping-in-rollcoefficient-about

[(Y J
~ qbS

APPARATUSAND

Tunnel

,-. .

thelongitudinalbodyaxis 2
.--_.
. .

w-““”

—.

MODEL

Thepresentinvestigationwasconducted& theAmes6-by 6-foot
supersonicwindtunnel.Thistunnelisofthesingle-returnclosed-.
circuittypeinwhichthestagnationpressurecanbe regulatedtogive
a constanttestR~goldsnumber.Thetest-sectionMachnumbercanbe
variedcontinuouslyfrom0.6to0.92and1.2:to1.9. Furtherdetails
concerningthetunnelarepresentedinreference1.

Model

A~hotographofthe8-cmaircraftrocketmountedintheAmes
6-by 6-footsupersonicwindtunnelisshowninfigure1. Themodel
testedwasa full-scaleproductionrocketprovidedwithinterchangeable
high-explosive(HE)andhigh-explosiveantitank(EEAT)heads.Cruciform
stabilizingfinsoftrapezoidalplanformwereatsmpedfromsheetsteel

—.
--

-=
—

.
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.
andspotwelded
characteristics

. showninfigure

5

totheremovablecylindricalmotortube. Thegeometric
—

ofthe8-cmaircraftrocketanditscoqonentpartsare
2. Thecenterofgravitywaslocated5.06bodydiameters

f orwardofthebase;themassmomentofinertiaOYtherocketaboutthe
longitudinalbodyaxiswasdeterminede~erimentallyas0.01pound-feet
second%squaed*3percent.Thesamer&ket wasusedforbothstaticand
dynamictests.

Equipment

Statictestsy;tem.-Thestaticaerodynamicforcesandmomentson
themodelweremeasuredlya 2-1/2-inchdiameter,fourcomponent,strain-
gagebalancecontainedwithinthebodyofthemo&l andmountedona
sting-typesupport.The2-1/2-inch-diameterbalanceisdescribedin
reference2. Reductionofthemeasuredforcesandmcxnentsto coeffi-
cientformis”discussedina latersection.Staticpressureat the
modelbasewasmeasuredbymeansofa staticpressurettieattachedto
thestingsupport.Theratioofthestingdiametertobodydiameterat. themodelbasewas0.56.

& DYnamic-rolltestsystem.-Forthedynamic-rollteststherocket
wasmountedonthesting-typesupportwithbearingssothatthemodel
wasfreetorotateaboutthelongitudinalbodyaxis.A motor-clutch
mechanismwasusedtoacceleratethemodelup tothedesiredinitial
rollingangularvelocity;thedaqinginrollwasobtainedby disengaging
theclutchandmeasuringthedecayoftherollingvelocityfromtime
historiesof therollposition.ThesetimehistoriesoftherolIlposi-
tionwererecordedonan oscillographbymeansofa pulsesignaltrans-
mittedthrougha brush-typecontacteachquarterrevolution.A portion
ofa sampletimehistoryisshowninfigure3. Everyfourthsignal
representsthesamerollpositionandthedistancebetweenadjacent
signalsrepresentsthetimetorolla quarterrevolution.Themethodof
reducingthedataobtainedinthismannerisdiscussedina latersection.

STA!IYCAERODYNAMICCHARACTERISTICS

. RangeofTests

b Measurementsweremadeofnormalforce,axialforce,pitching
moment,androllingmomentatnominalanglesofattackfrom-hoto18°
fora Machnumber
rollangles:

of1.7andeachofthefollowingconfigurationsand
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EE head,solidfins:
.

00 ~.250,~.~o, 33.750,450 .

HE head,slottedfins: o“~U.25°,22.50,33.750,45°
HEAThead,solidfins: 0°
EEAIhead,slottedfins: 0°

.-

Thesameconfigurationswerealsotestedat a Machnuniberof0.7,‘but
therollangleswerelimitedtoOO. Theaxialforcewasmeasuredat
hfachnunibersfrom0.6to0.92and1.2to1.7ata nominalangleofattack
of0°androlla’@e of0°,foreachof@e aboveconfigurations.All
ofthestatictestdatawereobtained
basedonthebodyikl.ameter.

Reduction

Theinternalstrain-gagebalance

ata Reynoldsnumberof0.85x 105

e

ofData

usedtomeasuretheaerodynamic
forces,andmomentsonthemodelisorientedwithrespectto themodel
suchthatthebalancereadings“givethenormQ’force,axi~ force,
rollingmomentaboutthelo~itudinalbdy axisofthemodel,andpitch-
ingmomentreferredtoanarbitrarilyselectedlateralaxis.Thebalance
wascalibratedpriortothetestby loadingthebalancestaticallyat
variouslongitudinalpositions.To findthe’transferfactornecessary
totranslatethepitchingmomentsaboutthebalancelateralaxistoany
otheraiis,forinstanceonethroughthecenterofgravity,themodelX6
loadedstaticallyatthat~oint,.thecen$erofgravity,andthetransfer
factorcalculatedfrmnmeasurementsofpitchingmomentandnormalforce.
AIJforcesandmomentscalculatedfromthetestdatahavebeenreduced
to coefficientformasdefinedinthesectionentitled%ymbols.”

IX shouldbe notedthattheaxial-forcecoefficientspresentedare
basedonforebodyforcesonlysincethemeasuredaxialforceswere
adjustedto zerobasedragby utilizingthemeasureddifferencebetween
themodelbaseyressureandthefree-stresmstaticpressure.

.

.—. - . .

y

-J

*“
---

.—
...

Corrections .—— .—

Severalcorrectionstothetestdataarenecessarydue-tofactors
whichaffecttheaccuracyoftheresults.Eachcorrectionwillbe dis-
cussedindividuallyto shownotonlythosenecessary,butalsothose i–
considerednegligible. -.

DeflectionofsUpportsystem.-Themodelsupportsystemandstrain-
gagebalancedeflectunderload.Correctionstotheangleofattackdue
to thesedeflectionswerecalculatedfrcmcalibrationsobtainedby load-
ingthemodelstathallypriortothetest.

.

8
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Streamvariations.-PreUminarytestsofthe8-cmrocketinthe
Ames6-by 6-footsupersonicwindtunnelshowedtheeffectsofflow

7

angularityof thestreamonthemodelaerodynamiccharacteristicstobe
withintheexperimentalaccuracy(seesectionentitled“Precision”)of
thetestsbothforsubsonicandsupersonicspeeds;hence,thesecorrec-
tionssreconsiderednegligible.

Smallaxial staticpressuregradientsexistinthe6- by 6-foot
tunnelcausinga longitudinalbuoyantforceonthemodel.Corrections
forthisbuoyantforcewerecalculatedfromtheflowstudiesofrefer-
ence1.

Supportinterference.-Itwasshowninreference3 thatat super-
sonicspeedstheeffectsof supportinterferencewereevincedsolelyas
a changeinbasepressureforbody-supportsystemsof thepresenttype.
Theadjustmentofthemeasuredaxialforcesto correspondto zerobase
drag,mentionedearlier,thereforeobviatesthenecessityofanycorrec-
tionof thedataforsupportinterference.me effectsof support
interferenceat subsonicspeedsarenot~own. However,itwasassumed
thatthessmeadjustmentprecludesanycorrectionsat thesespeedsalso.

.
Tunnel-wallinterference.-Theflowof theairstreamaroundthe

modelwasviewedby useofa schlierenapparatus.Compressionwaves. emanatingfrcanthenoseofthemodelat supersonicspeedswerereflected
fromthetunnelwalls&d wereobservedtopassdownstreamof thebase
ofthemodel;hence,no’correctionswerenecessaryat thesespeeds.
Calculationsforsubsonicspeedsshowedthatcorrectionstoan&le“of
attack,normalforce,and”pitchingmomentdueto inducedeffectsofthe
tmel WZdk3werewithintheaccuracyofmeasurementof thecorrespond- “i “--””
ingcharacteristic;hence,no correctionswerenecesssryat thesespeeds
aswell.

Blockageeffectsofthemodel.-Mountingthemodelintheah stream
hasan effectofblockingthetestsectionor causingan increasein
velocityalongthelengthofthemodelat subsonicspeeds.Theeffects “
ofblockageofthetestsectionhavebeencalculatedby themethodof
ref~e’ncek forOo angleofattackandassumedtoapplyforallangles
ofattack.ThecorrectioninMachnumbervariedfrom0.2percentincrease
ata Machnuniberof0.6to1 percentincreaseat“al&chnumber.of0.92.

*

Precision

Theprecisionof thestatictestdatahasbeenestimatedfromthe
knownuncertaintiesinvolvedindeterminingormeasuringvariousquan-
tities.Theseuncertaintiesarisefrom,errorsinreadingpressures,
recordingstrain-gagevoltagesandcurrents,hysteresiseffectsIn
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calibratingthebalance,andmeasurementofangles.
liststheestimateduncertaintyofthecorresponding

Quantity

Machnumber
Reynoldsnuniber
Normal-forcecoefficient
Axial-forcecoefficient
Pitching-momentcoefficient
Rolling-momentcoefficient
Angleofattack,degrees
Angleofroll,degrees

Subsonic

0.01
0.01x 106

0.005
0.005
0.05
0.001.
0.05
0.2Q

Thefollowingtable
quantity:

S~ersonic

0.01
0.03x 106

0.01
0.01
0.1
0.002
0.05
0.23

‘ ResultsandDiscussion

A primaryconsiderationinthedesignofanyrocketistheability
of’thepropellant-chargetoovercometheresistingaerodynamicforces
“duringtheinitialacceleratingperiod.To assistinpredictingthe
acceleratingandmax- speedcharacteristicsofthe8-cmaircraft
rocket,thevariationofaxial-forcecoefficientwithMachnumberat0°
angleofattackispresentedinfigure4-fo_?eachofthe.folloting.con-
figurations:(a)solidfins,BE head;(b)solidfins,HEAThead;
(c)slottedfins,HE head;(d)slottedfins,HEAThead. Theaverage
increaseinaxial-forcecoefficientdueto slottedfinsamountedtoabout
15percentof thesolid-finvaluesthroughouttheMachnumberrange;in
general,theincreaseduetotheBEATheadamountedto 5 to10Tercent
oftheHE headWlues at subsonicspeedsand30to 35percentat super-
sonicspeeds.

Basicexperimentaldataplotsofthenormalforce,axialforce,and
pitching-momentcharacteristicsofthe8-cmaircraftrocketatMach .
numbersof0.7and1.7arepresentedinfigures5 and6 foreachofthe
configurationslistedabove.Althoughtherocketacceleratesrapidly
to supersonicvelocity,thepurposeofthedatatakenatM = 0.7wasto
ascertainiftherewereanyunfavorablestabilitycharacteristicsat
thisintermediatespe”ed.AS seeninparts(a)offigures5 and6,the
rocketislongitudinally(alsodirectionallydueto symmetrti)stable
forM = 0.7withintheangle-of-attackrangetestedwithbothsolidand
slottedfins,althoughthereisa reductioninnormal-forcecoefficient
andpitching-momentcoefficientduetotheuseof slottedfins.

r
At supersonicspeed,a representativeMachnumberof1.7was

selectedforinvestigationofthestaticaerodynamiccheu?acteristics.
Parts(b)offigures7 and6 showthattherocketexhibitsstableres$or-
ingmcment.s(C%m negative)withinthe@wer smgl.e-of-attackrangeand

–.!.1
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at thehigheranglesc%
finsfollowsgenersllythe

9

approacheszero. Theeffectoftheslotted

trendtobe expected;atanygivenangleof
attacktheno~l-forceandpitching+mcmentcoefficients-oftheslotted-
finconfigurationwerereducedfromsolid-finvaluesby anamountapprox-
imatelycommensuratewiththereductioninarea.

Alltheafore-?nentioneddataweretakenwiththecruciformfinsin
theverticalandhorizontalplanes (9= 00). Itwasdestiedto deter-
mineaswellthestat~caermiynamiccharacteristicsof therocketat
severalintermediaterollangles.Thenormal-force,p~,tching-moment,
axial-force,androlling-momentcharacteristicsoftherocketatroll
anglesof0°,11.25°,22.5°,33.75°,and45°anda Machnuniberof1.7
arepresentedinfigures7 and8 forthesolid-andslotted-finconfigu-
rations,respectively.Normal-force,pitching-mcment,andaxial-force
coefficientsareseentobe essentiallyunchangedwithrolJTosition;
however,theVariationofrolling-momentcoefficientwithnorn@-force
coefficientappearstobe influencedtoa largede~eeby rollposition,
especiallyat thehighernormal-forcecoefficients.

Theapparentscatterintherolling-momentdataisdueprimarily
toflexibilityofthesupportsystem.In ordertomeasurerolling
momentsoftheorderofmagnitudeobtainedinthepresenttest,itwas
necessarytoutilizea rollgageofrelativelylighttorsionalrigidity.
As a consequence,themodelexperienceda smalldynamicoscillationin
roll,thelimitsofwhichwereassumedtobe thelimitsof theapparent
scatter.Thepointmidwaybetweenthelimitsof theoscillationwas
assumed,therefore,tobe a reasonablyaccurateestimateof thestatic
rollingmoment.

In figure7(d),it isseenthatthevariationofrolling-moment
coefficientwithnormal-forcecoefficientis quiteerraticforthesolid-
finconfi~ation;whereasinfigure8(d),itis seenthattheslotted-
finconfigurationexperienceslittleornorollingmomentslthoughthere
issomescatterat thehighernormal-forcecoefficients.Thepossibility
ofasymmetricand“erraticrollingcharacteristicsoccurringwithlong
body-tailconfigurationswasdiscussedrecentlyby AUe”nandPerkinsin
reference5. Itwasshownthattheaperiodicdischargeofvorticeson
theleesideofa bodymightinduceaperiodicasymmetricloadsonthe
stabilizingfins. Suchan explanationisprobablya~plicableto the
rollingmomentsofthepresentmodelat leastforthesolid-finconfigu-
ration.Itappears,however;thattheseerraticrollingtendenciesare

5 suppressedinthecaseoftheslotted-finconfiguration.
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DYI’WMICDAMPING-IN-ROLLCHAWWTERISTICS ..-—

Rsngeof.Tests -..-.—

Timehistoriesoftherollpositionwerereco&kddurtigtherolJ_
dampingmotionsforanglesofattackof -1o,0°,1°,3°,and5°atMach
numbersof1.5,1.7,and1.9”utilizingbothsolid-andslotted-fincon-
figurationsandtheHE headonly.Theinitialrollvelocity,To,was
a~roximately25revolutionspersecondforallcases.Duetoasymmetry
ofthemodeland/ortunnelairstream,therocketassumeda constant
autorotationalvelocity,pa. Recordsoftheautorotationvelocitywere
takenforeachof,thetestconditionsandconfigurationslistedabove.
Alsorecordedwerethetimehistoriesoftherolldampingmotionsfor0°
angleofattackandzerowindvelocity(wind-off)atvariousstagnation
p?essuresstartingatatmosphericpressureandapproachingan absolute
vacuum.Theserecordswereusefulindeterminingfrictioneffectsas
willbe showninthefollowingsection.Allthewind-onrolldatawere
obtainedata constantReynoldsnumiberof0~425x 108.

.—

-..,—

Thedifferential
rollingmotioncanbe

~.

ReductionofData a
“

equationrepresentingthedampingof.thefr”ee
.

writtenas -,------

(t)%&”PLP+P%+A

,.

(1) —
whereeachtermrepresentsa rollingmoment.It isassm”dthatthe

—

rollingmomentduetofrictionisa linearfunctionoftherolling
angularvelocity(FP= constant)andthattheroUingmomentdueto
asymmetryofthemodeland/ortunnelairstreamis independentoftime

.....

orrollvelocity(A. constant).l .=:

Equation(1)isa lineardifferentialequationof thefirstorder.
Thesolutionis

P= Cek’-* ‘ (2) ; “-:

..—
-e

l~ese ass~tionsqparentlyneglectthesmallresidualmomentdueto
frictioninherentin-anybearing;however,sucha termisindependent d
ofrotationalvelocityandisconsideredas includedintheasymmetry
constsmt,A. -—
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where C isa constantof integrationand k
theinitialconditionthatz = PO at t = 0,

c =%++

Substitutinginequation(2),

= (~+Fp)/Ix.Setting

‘=%+#ekt-l)‘Poekt
Therollingmomentdue.toasymmetry,A, can

by considerationoftheautorotationcondition.
autorotationvelocity,theeqmtionrepresenting
eqution(1)as dp/dt &pproacheszero,or

Pa~+PaFp+A=O

Resrrsnging,

Substitutingi.nequation(3),

P= ‘t) +poektpa(l-e

or
P - Pa— = #
To -Pa

IL

\ J/

be takenintoaccount
Settingpa as the
thtsmotionisgivenby

(4)

It shouldbenotedthatwhen pa = O theaboveequationreducestothe
familiar

I

Semilogarithmic

X=lst
Po

P-2aplotsoftherolling-angular-velocityratio,—
Po-Ta’

versustimeshouldyielda straightlineof slopeequalto k.

In ordertodeterminethedamping-in-rollparameter,Lp,itrmains
tofindthedampingduetofriction,FT. Consideringthewind-offtime
historiestakenatvarioustunnelpressures,anyaerodynamicdamping
canbe eliminatedby extrapolatingtoanabsolutevacuum(E. O). The
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equationrepresentingtherollingmotionat ‘H= O is

Semilogarithmicplotsofthe
versustimeasbeforeshould

rollingmar-velocityratio,p/po,
yielda straightlineof slopeequalto

F /Ix. Knowingk andusingtheextrapolatedvalueof Fp/IxatE= O,
i$edamping-in-rollparameter,~, iscalculatedfrom

()
Fp~=Ix k-~
x

Thedamping-in-rollcoefficient,C%, maythenbe calculatedas defined
inthesymbols.

Precision

Theprecisionofthedynamicdamping-in-rolldatahasbeenestimated
fromtheknownuncertaintiesinv,olved,includingerrorsinreadingpres-
sures,measurementofangles,timeintervals,andweightsofbodies.
Thefollowingtableliststheestimateduncertaintyof thecorresponding
quantity:

.—

w“

. .

w

Quantity Uncertainty

Machnuniber
—

0.01
Reynoldsnuuiber 0.03X 106
Angleofroll,revolutions 0.025
Angleofattack,degrees

:;
Q*O5

Time,seconds 0.001
Momentof iner%ia,lb-ft-see= 0.0003

Theuncertaintieslistedabovearemaximumvalues,butinmostcases
theuncertain~”issomewhatless.

ResultsandDiscussion
!

Hasice~erimentaldataplotsoftherolling-ax-velocity r
P‘Paratio;—, asa functionof timearepresentedinsemilogarithmic
Po‘Pa

J

.*.,:..–*
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.,
forminfigures9 and10forthesolid-andslotted-finconfigurations,
respectively.Presentationof’theresultsinthisformprovidesa con-
venientmethodofreducingthedata,since,as discussedearlier,the
slopesoobtainedisconstant.Althoughthesemilogarithmicplotsof
figures9 and10haveconstantslopesovermostofthedampingperiod,
thereissomechangeof slopeat thelowerrolling—angubr-velocity
ratios.Theeffectof thechangeinslopeisa negligibleone,however,
sincesimilarchangesof slopewerenotedintheplotsof thewind-off
dsmpingmotionsshowninfiguresXland12andmayssfelybeassumedto “’
be a frictioneffectratherthananaerodynamicone. Theslopesusedin
thesubsequentcalculationsarethoseatangular-velocityratiosof0.3
ormorewheretheslopeisconstant.

Theslopesofthewind-offdampingmotionsa?eshowninfigure13
as a functionofthetunneltotalpressure.Theextrapolatedvalueof
theseslopesat zeropressureproducesthedampingduetofriction,
Fp/~x= -0.094persecond.

!l%eslopesoffigures9 and10havebeencorrectedforthefriction
. term,Fp/Ix,andreducedtocoefficientformas outlinedinthesection

entitled%eductionofDate~I;theresultsareshowninfigure14. There
appearstobe verylittledifferenceinthedamping-in-rollcoefficient

. betweensolidandslottedfinsatM= 1.5withintheangle-of-attack
rangetested;however,the_ing-in-rollcoefficientsfortheslotted-
finconfi~ationareapproximately10to25.percentlessthanthosefor .
thesolidfinsatMachnumbersof1.7and1.9. It isinterestingto
notethatthedaqping-in-rollcoefficientsforthesolidfineseemto
varysomewhat~th angleofattack,tiereasthe-ing-in-rollcoeffi-
cientsfortheslottedfinsaremorenearlyconstantwithangleof
attack.

Anotherinterestingcomparisonis showninfigure15. The
dsa?ping-in-rollcoefficientsforboththesolid-andslotted-fincon-
figurationsat zeroangleofattackasa functionofeffectiveaspect
ratio,&lR,areshownin comparisonwiththedamping-in-rollcoefficients
ofrectangularwingsas givenby lineartheory(reference6)neglecting
theeffectsof thebody.aTheagreementforthesolid-finconfiguration
isexcellent,whereastheslotted-finvaluesareapproximately15 to
25percentlessthanthatgivenby theoryforsolidfins.As an approxi-
mationprocedure,ifthedamping-in-rollcoefficientsgivenbylinear . .

t

2Anapproximationmethodfordeterminingthedampinginrollofrectan-
gularwing-bodyccmibinationsisgiveninreference7;however,the. =thod isnotapplicableto theeffectiveaspectratiosofthepresent
investigationduetolimitationsofthemethod.
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theorywerereducedby anamountequivalentto”thepercentreductionin
.

exposed-finarea(21percent)duetotheslots,theslotted-fin
daqping-in-rollcoefficients,aswellas thesolid-findamping-in-roll
coefficients,canbepredictedwitha gooddegreeofaccuracyby linear=

--

theorymethods. ..”=- “-”..

CONCLUDINGREMARKS .-

Theresultsofthee~rimentalinvestigationofthestaticaero-
dynamicanddynamicdaqing-in-rollcharacteristicsof the8-cmaircraft
rocketcanbe summarizedasfollows:

1. T& rocket was foundtobe staticallystableatM = 0.7~a 1.7 ._._
.—

whenfittedwttheithersolidor slottedfins. .——

2. Thenormal-forceandpitching-moment.coefficientsoftheslotted- “...
finconfigurationwerereducedfromsolid-fin-valuesby anamountapproxi-
matelycommensuratewiththereductioninareaduetotheslots.

—-->
w

3. Axial-forcecoefficientsoftheslotted-finconfigurationwere
increasedabout15percentoversolid-finva~ues(M = 0.6to0.92and
1.2to1.7).

.-.,

4. Normal-forceandpitching-momentcoefficientsoftherocket
witheithersolidor slottedfinswereunchangedwithrollposition.

5. Therocketexhibitedv&y e~aticrollingmoments’atvarious‘-
rollpositionswhenfittedwithsolidfins,especiallyathighanglesof
attack.However,theslotted-finconfigurationappearedto suppressany
adverserollingtendenciesandexhibitedlitlii.eornorollingmomentat
anyrollposition(M= 1.7).

6. Thedamping+n-rolJ.coefficientsof”thesolid-finconfiguration
at0°angleofattackwerefoundtobe equivalenttothosepredictedby
lineartheoryforthinrectangularwingsof thesameeffectiveaspect
ratio,@lR. Thedamping-in-rollcoefficientsof theslotted-fincon-
figurationvariedf%oml~to25percentlessthanthatpredictedby
lineartheoryneglectingtheeffectof theslots(M= 1.5to1.9).

7* Thedamping-in-rollcafficientsofthesolid-finconfiguration
variedapproximately20percentup toanglesofattackof 5°,whereasthe
daqping-in-rollcoefficientsoftheslotted-finconfi&rationwererela-
tivelyconstantwithangleofattack(M= 1.5to1.9).

On thebasisoftheforegoingresultsitappearsthattheprincipal
advantagetobe gainedbytheuseof slottedfins,asopposedto solid

,

—

.—. =-. -—-

-—
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. fins,isthesuppressionof theadverserollingtendenciesassociated
withlongbody-finarrangementswherethefinsaresituatedfarafton
thebody. In thepresentcasetherocketis spinstabilizedandthis
ch=acteristicisnotsoWportantmunlesstherocketisfiredat long
rangeandthespinvelocitybecomestoolow;howeversforlow body-f~
arrangementswhererollstabilizationisdesired,theuseOf slotsMY
providean adequatemeansof overcominganyadverserollingtendencies.

Thegoodagreementobtainedbetweenthee~erimentaldamping-in-roll
coefficientsoftherocketandthatgivenby lineartheoryforwings
indicatesthatevenforfinsmountedbehinda longforebody,theai~
inroll.can be predictedbylinear-theorymethodswitha gooddegreeof
accuracy.

Ames AeronauticsLaboratory
NationalAdvZsoryCommittee

MoffettField,Cal.if.
forAeronautics
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Figure1.-Photo~qphofthe8-cmaircraftrocketmount
Ames6-by 6-footsupersonicwind,tunnel.
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